A new, covariant equation of motion for the radiating electron of finite extension is proposed. This new equation excludes the notorious runaway solutions and pre-acceleration.
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A new, covariant equation of motion for the radiating electron of finite extension is proposed. This new equation excludes the notorious runaway solutions and pre-acceleration.
Recently a finite-size model of the classical radiating electron has been developed 2 , which reduces to the famous Lorentz-Dirac theory 3 ' 4 , if a certain point limit * is performed. In this finite-size model no runaway solutions can occur, as is demonstrated in a future paper; and since the finite size of the electron has led to a non-local equation of motion for the radiating electron, one might rise the question whether the absence of runaway solutions is a common feature of all possible nonlocal generalizations of the Lorentz-Dirac equation
(four-velocity u x -dz x /ds; u x u,= 1). This equation is assumed to describe the point-like radiating electron despite the emergence of such unphysical effects as pre-acceleration and runaway solutions 4 . If the question mentioned above could be answered in the positive, one had to conclude that there must be considerable doubt on the Lorentz-Dirac Equation (1), because a consistent point limit such as (1) should not exhibit features (i. e. runaway solutions), which are completely absent in the more general theory of finite extension! We do not want to clarify here our question most generally, but we shall look for a further, natural and simple non-local generalization of Eq. (1) (2) with u x = u x (5) ; u x = u x (5) = du ; /ds ;
ii' = ii x (s -As)
and As being a fixed proper-time interval, as in reference First, we have to show the emergence of Eq. (1), if we expand in Eq. (2) with respect to As. With ü x u x -Asii x + ...
and (u ii) = -(ü it) one finds from (2)
Therefore Ave have the constraint for As m c 2 As = § Z 2 .
(6)
Defining the classical electron radius rc by
the numerical value of As is given by (rc ä; 1.4-10~1 3 cm)
As = irc. (8)
Next, we have to show the non-existence of runaway solutions in Equation (2) . To this end, put {K x } = 0 and multiply Eq. in every point of the force-free world line. This requirement can only be satisfied in the case of uniform motion. So the extended particle, described by (2), can only move w r ith constant four-velocity in force-free regions. This was set out to proof.
As a non-local generalization of the usual Lorentz-force K x Z F uX uu one might assume now
Inserting (11) into (2) and multiplying with {ii;} yields
Assume now, that in a certain space-time point {z 1 } the external field strength F aX vanishes
Then we conclude from (12) and (13) in a similar way as above ü*{z)=ü' = 0.
So one finds that, whenever the external force on the particle vanishes at a certain time, the four-acceleration of the particle vanishes at the same time, too. This excludes pre-acceleration in the usual sense.
The new Eq. (2) can therefore be looked upon as a most natural generalization of the ordinary equation of motion for a non-radiating point particle mc-a x = K' f -.
Indeed, we have only to replace {ii*} in Eq. (15) by the orthogonal component of the "advanced" four-acceleration with respect to {w ; (s)}.
The new, non-local equation of motion (2) seems to be very promising in various aspects and shall be investigated further.
